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Intradermal injection of viable pneumococci into rabbits produces an acute, 
edematous  inflammation  of  the  skin,  followed  by  bacteremia  and  a  severe 
illness  which may terminate  in death  of the animal.  Histological examination 
of  the  cutaneous  lesion  reveals  a  marked  degree  of  leucocyfic  infiltration. 
This lesion has been  described  by Goodner  (1)  as similar  in appearance  to a 
pneumonic infiltration  of the lungs and  hence he designated  this  response  as 
a  "dermal pneumonia." 
An  inflammatory  response  of  this  type  serves  as  a  suitable  model  for  a 
study of the effects of inflammation on the plasma protein patterns of rabbits. 
The present  investigation  was undertaken  with  the specific purpose of apply- 
hag  a  newly  developed  cationic  detergent  technique  of protein  fractionation 
(2,  3)  to  a  study  of  plasma  protein  alterations  during  acute  inflammation. 
Since this method permits one to make frequent,  consecutive analyses  of the 
protein  components of plasma  and  since it  gives nearly the same type of in- 
formation as can be obtained by moving boundary electrophoresis,  it was felt 
that the emerging pattern of plasma protein change during inflammation could 
be adequately studied. 
Method 
Adult, healthy,  male rabbits were placed in separate wire cages and were given water and 
rabbit pellets ad lib~um. They were occasionally fed supplements of fresh vegetables. Blood 
collections were made from the marginal  ear vein. Each bleeding consisted of a sample of 
2 to 3 ml. of blood collected in a test tube containing 2 drops of heparin, and 0.5 to 1.0 ml. of 
blood collected in a tube containing no anticoagulant.  When blood cultures were obtained, 
0.5 ml. of blood was collected in a sterile test tube containing sterile sodium citrate solution. 
The blood for culture was mixed with melted nutrient agar within 1 hour of collection, poured 
into a plate,  and incubated  for 48 hours.  Contaminants  were encountered on only rare oc- 
casions and in all instances could be readily differentiated from pneumococci. Despite  suc- 
cessive incisions of the same ear vein, no thrombosis or evidence of local infection developed. 
* Research carried out under a grant for the study of rheumatic  fever from the Masonic 
Foundation for Medical Research and Human Welfare. 
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Pneumococci used for injections of the rabbits were cultured on rabbit blood agar slants. 
Prior to each experiment, a  sterile 0.85  per cent sodium  chloride surface emulsion of  the 
culture was prepared. This emulsion was injected intraperitoneally into a white mouse. After 
12  hours,  the mouse was sacrificed and the peritoneal surface carefully washed with 0.85 
per cent sterile sodium chloride solution. The washings were diluted with sufficient 0.85 per 
cent  sodium chloride solution so that approximately 5  to 20 pneumococci were  visible in 
each oil immersion field when a drop of pneumococcal washings, a drop of homologous pneu- 
mococcal antiserum, and a  drop of methylene blue were mixed on a  glass slide and covered 
with a coverglass. 
Intradermal injections of 0.1 ml. amounts of pneumococci were made into the recently 
clipped abdominal wall of each rabbit: Within 24 hours, visible redness and edema developed 
in all animals except those treated with cortisone. These lesions spread to form an erythem- 
atous,  edematous  strip about 4  by  10 cm. in size.  At the height of the illness, the rabbits 
looked ill, and showed obvious weight loss.  In those animals which recovered  spontaneously, 
the abdominal lesion slowly faded, became less edematous, and  finally returned  to a normal 
appearance. 
PRoz~n~  ~RACrIONATXO~ PROCZDrrREs.--The  blood  samples  obtained  from  the  rabbits 
were  centrifuged. The serum  and plasma were removed and analyzed  for the  component 
protein fractions by a  cationic detergent analytic  method (2, 3). In this method,  variations 
of hydrogen ion and sodium chloride  concentration cause  a  selective reaction of  the serum 
components with a  cationic detergent, octadecyl  dimethyl benzyl  ammonium  chloride (Oc- 
tab). 
(a)  Alpha  Globulin  Del~mir,  ation.--A  0.05 ~  2,4,6-trimethyl  pyridine solution  t  is pre- 
pared.  Sufficient NaC1 is added to make the buffer 0.08 M with respect to sodium chloride. 
The pH is carefully adjusted to 6.65. A 1.0 ml. aliquot of serum diluted 1:100 in 0.08 M NaCI 
solution is placed in a cuvette. To this is added 8.0 ml. of trimethyl pyridine buffer. 1 ml. of 
0.1 per cent OctaM is then added and thoroughly mixed by inversion of the stoppered tube. 
The resulting turbidity which reaches a  maximal density in 12 to 15 minutes is then deter- 
mined in a  lumetron model 402-E  colorimeter with filter M440.  The concentration of the 
alpha globulin is determined by reference to a  standard curve prepared with fraction IV- 
I (2).' 
(b)  Total  Globulin  Determination.--A  0.05  M glycine-Na-giycine buffer is  prepared  and 
adjusted to pH 9.6 with sufficient sodium chloride added to make a  final concentration of 
0.08 M NaC1.  A 1.0 ml. aliquot of serum diluted 1:100 is placed in a cuvette tube and mixed 
with 8.6 ml. of glycine buffer and 0.4 ml. of 1.0 per cent Oetab, added in this order. The 
resulting optical density, determined as described above, is related to total globulin concen- 
tration by a standard curve prepared with fraction II (2).* 
(¢)  Total Protein Concentration.--A  solution containing 0.05  M NaOH  and 0.4 ~  NaC1 
is prepared. The pH of this solution should be between 11.9 and 12.4.  0.1 ml. of serum di- 
luted 1 : 100 is placed in a  cuvette tube. To this is added 9.5 ml. of the NaOH solution and 
then 0.4 ml. of 1.0 per cent Octab. The mixture is thoroughly mixed by inversion and the 
resulting optical density is determined as described above. The total protein is determined 
by reference to a  standard curve prepared from either albumin or a  serum sample in which 
the protein concentration has been assayed by Kjeldahl analysis (2). 
1 Eastman Kodak Company  I Rochester, New York. 
2 Cetol or cetyl dimethyl ber~yl ammonium chloride has the same reaction with proteins 
as Octab. Cetol has been found to have a higher degree of chemical purity and thus is more 
suitable for use than Octab. Cetol can be obtained from Fine Organics, 211 East 19th Street, 
New York. Octab from Fairfield Laboratories, Plainfield, New Jersey. 
3 Protein fractions were obtained from E. R.  Squibb and Sons, Biological and Chemical 
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(d)  Fibrinogen  Concentragion (3).--1.0  ml.  of  oxalated  or hepadnized plasma is placed 
in a  graduated centrifuge tube. 4.0 ml. of  1.0 per cent NaC1 and then 2.0 ml. of saturated 
(NI-I,),SO,  are  added  and  mixed  with  the  diluted  plasma.  The  resulting precipitate  is 
spun down by centrifugation at  1500 lU,.xf,  for 10 minutes. After the supematant solution 
has been carefully decanted the precipitated fibrinogen is dissolved in  1.0 per cent NaCl 
solution added in sufficient volume to reach the 5.0 ml. graduation on the centrifuge tube. 
A 0.i ml. aliquot of the fibrinogen solution is placed in a cuvette and mixed with 8.9 ral. of 
0.1 xt sodium phosphate buffer (pH 5.1)  containing 0.4 xt NaC1.  1.0 ml. of 0.1 per cent Octab 
is mixed with the fibrinogen solution and buffer, and the optical density is measured as de- 
scribed above. The fibrinogen concentration is determined by reference to a  standard curve 
prepared from known quantities of fibrinogen (3). 
(e)  Albumin and the Beta-Gamma  Fraaion.--The concentration of albumin is calculated 
as the difference between the total protein and the total globulin concentrations. The beta- 
gamma fraction of serum is given by the difference between the total globulin and the alpha 
globulin concentrations. 
The  erythroeyte  sedimentation  rate  in  heparinized  blood  was  measured  in  Wintrobe 
tubes; the hematoerit tube was read after centrifugation at 1500 ~.l~.~r. for 30 minutes. 
EXPERI3/ENTAL  RESULTS 
Plasma  Protein  Pattern  of  Normal  Male  Rabbits.--Twenty-three  healthy 
male rabbits weighing 2000 to 3500-gin. were bled on different occasions and 
the  plasma  protein  fractions  were  determined.  The  analyses  for fibrinogen 
revealed a  mean value of 0.35  -4-  0.090 gin. per  100 ml. The alpha globulin 
concentration  was  found  to  be 0.86  4-  0.18  gin.  per  100  ml.,  beta-gamma 
fraction 1.67  4-  0.42 gin. per 100 ml., and albumin 3.87  4-  0.54 gin. per 100 
ml. Reference to Table I  shows a  comparison of the cationic detergent values 
with  those  found by others  (4--6)  who  utilized electrophoretic methods for 
determination of plasma protein components. It will be observed that similar 
values are found for each of the methods. 
The effect of frequent handling  and  bleeding  on  the  plasma  protein  con- 
centrations was studied in several animals bled as often as  16 times in a  19 
day period. Results of this study are shown in Fig.  1 where the analysis in a 
single animal is shown. It will be observed that the albumin did not vary from 
the mean value by more than 4-1 standard deviation. The beta-gamma frac- 
tion showed a  progressive rise and then a  subsequent decrease after the 7th 
day,  but  these  variations  did  not  exceed  1  standard  deviation.  The  alpha 
globulins  and  fibrinogen  concentration  showed  no  significant  change  with 
frequent  bleeding.  There was  a  mild  depression  of  the  hematocrit  reading 
and possibly some early inhibition of gain in weight with a subsequent resump- 
tion of normal weight gain. 
From this it can be concluded that no significant alteration of the plasma 
protein fractions was observed as a  result of frequent bleeding of 3  to 4  ml. 
amounts of blood. 
Effect  of Infection  with  Type I  Pneumococci.--The  influence of a  Type I 
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of  experiments.  The  interrelated  changes  observed  in  a  single  animal  are 
shown in Fig. 2. 
A moderate bacteremia was first observed 48 hours after subcutaneous injection of pneu- 
mocoeci. This persisted for 3 days after which a spontaneous sterilization of the blood stream 
occurred. During the first 7 days of infection the animal's weight decreased from 3350 to 
2950 gm. A precipitous fall of the hematocrit reading from 40 to 26 per cent occurred within 
the first 5 days. By the 12th day, the hematocrit reading began to increase and a few days 
later the rabbit started  to gain weight. 16 days after onset of the infection, the hematocrit 
value had returned to normal. This rabbit regained its preinfection weight by the 40th day. 
TABLE I 
Comparison of Mean Values of ¢omponenl Fractions of Normal Rabbit Plasma Obtained by 
Cationic Detergent Analysis with Those Reported by Other Inv~tigators  Who Used 
F_2ectrophoretic Methods 
No. of 
animals 
23 
5 (4) 
6 (5) 
10 (6)* 
No. of 
assays 
68 
10 
Alpha globulins 
Mean value 
Range 
0.86 -4- 0.18 gm. 
0.50-1.25 gin. 
0.76 gin. 
0.62-0.96 gm. 
0.58 gin. 
0.41-0.68 gin. 
0.79 gm. 
Beta-gamma globulin 
Mean value 
Range 
1.67 -4- 0.42 gin. 
0.85--2.55 gin. 
Albumin 
Mean value 
Range 
3.87 4- 0.54 gm. 
2.80-5.30 gin. 
Beta 0.62 (.41- 
1.07) 
Gamma  0.45 
(.28-0.90) 
1.93 gin. 
1.50--2.46 gm. 
1.42 gin. 
4.10 gm. 
3.11-4.91 gin. 
3.62 gin. 
3.27-4.07 gin. 
4.27 gin. 
Fibrinogen 
Mean value 
Range 
0.35 -4- 0.090 gin. 
0.20-0.650 gin. 
* Data, interpolated  from per cent of electrophoretic value, using a total protein value 
of 6.5 gm. per cent. 
The investigation of the plasma protein components revealed that considerable alterations 
developed during the initial phase of the infection. 48 hours after injection of pneumococd 
there was an increase of alpha globulins and fibrinogen. These two fractions continued to in- 
crease in a parallel fashion to reach peak concentrations by the 4th day. The alpha globulin 
rise was three  times the preinfection concentration  while the fibrinogen concentration in- 
creased fourfold. In the initial phase of infection a precipitous drop in albumin was found. 4 
days after injection of pneumococd, albumin had decreased from a control level of 4.8 gin. 
per cent to a level of 1.8 gm. per 100 ml. In this rabbit the beta-gamma fraction showed little 
alteration during the acute infection. 
It  will  be  observed  that  high  concentrations of  the  alpha  globulins and 
fibrinogen were maintained for 5  days. After this, a  gradual decrease of these 
two  components was  observed.  By  the  28th  day,  fibrinogen and  the  alpha 
globulins had returned to preinjection levels. Decreased levels of albumin were R.  ~'.  ~'ACOX AND  A.  FELDMAHN  637 
found during the period of high concentrations of alpha globulins and fibrinogen 
and then a  gradual but fluctuating increase of albumin occurred in the con- 
valescent period. The beta-gamma fraction developed a  significant  increase 
above  the  control concentration by  the  12th  day.  This  fraction  remained 
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FIG. 1. Plasma protein pattern in a normal male rabbit in which 3 to 4 mh of blood was 
removed from the ear vein sixteen times in 19 days. Albumin is represented by solid squares, 
beta-gamma fraction by large open circles,  alpha globulin  by  solid  circles,  and  fibrinogen 
by small, open circles.  Weight is shown by half-closed circles and hematocrit value by solid 
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FIO. 2.  Representation  of data obtained by infection of a  rabbit  with Type I  pneumo- 
coccus.  Albumin concentration is shown by the solid squares,  beta-gamma fraction by the 
large open circles,  alpha globulins by the solid  circles,  and  fibrinogen by the small,  open 
circles.  Hematocrit value is depicted by the solid triangles and  weight by the semiclosed 
circles.  The albumin and  beta-gamma concentrations are plotted on the upper scale of the 
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elevated for 3 weeks and then decreased to a level only slightly greater than 
was present in the control period. These data on a single animal illustrate the 
interrelated and sequential  events that plasma protein components  undergo 
during a Type I pneumococcus dermal infection. 
TABLE  II 
The Mean Values of the Alpha Globulin Fraction, Expressed u,  ith the Standard  Error, Are 
Shown in Rabbits Infected u~h Type I  Pneuraococcus 
No. of 
animals. 
day 
Control 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
18 
20 
24 
LD.. 
Severe bacteremia 
(untreated) 
0.93  4-  0.08 
1.08  4-  0.08 
1.84  -4- 0.08 
2.44  4.  0.10 
2.68  4-  0.12 
2.94  4-  0.12 
3.18  4-  0.13 
1.98  4-  0.15 
2.08  4-  0.13 
1.80  4-  0.15 
1.80  4-  0.15 
1.48  4-  0.15 
1.21  4-  0.15 
4-0.33 
Mild  bacteremia 
(untreated) 
16 
0.92  4-  0.09 
1.38  4-  0, I0 
1.84  4-  0.09 
2.14  4-  0.09 
2.26  4-  0.09 
2.36  4-  0.14 
2.23  4-  0.09 
2.18  4-  0.09 
2.04 4- 0.10 
1.92 4- 0.11 
1.67 4- 0.12 
1.34 4- 0.14 
1.48  -4- 0.12 
1.32  4-  0.12 
1.20  4-  0.14 
1.14  4-  0.12 
4-0.27 
Treated with 
antiserum* 
1.10  4-4. 0.10 
1.34  -4-  0.10 
2.00  -4-  0.10 
2.38  4-  0.10 
2.38  4-  0.10 
2.20  4-4- 0.11 
2.20  -4-  0.11 
1.93  4-4- 0.12 
1.86  -4- 0.12 
1.75  4-  0.15 
1.68  4-  0.12 
1.71  4-4- 0.15 
1.57  4-  0.12 
1.52  4-  0.12 
1.36  4-4- 0.12 
-t-0.29 
Treated with 
cortisone" 
12 
0.95  .4-  0.07 
1.06  .4-  0.07 
1.59  -4-  0.09 
2.16  -4-  0.12 
2.57  -4- 0.14 
3.02  -4-  0.17 
-~0.24 
Treated with 
peniciUin 
1.02  4-  0.10 
1.51  -4-  0.10 
1.66  -4- 0.10 
1.77  -k  0.10 
1.61  -t-  0.10 
1.59  -4-  0.10 
1.38  -4-  0.10 
1.34  -4-  0.10 
1.15  -4-  0.13 
1.20  -t-  0.10 
-4-0.24 
* All animals developed severe hacteremia during infection with Type I  pneumococcus. 
Twenty-four rabbits were injected with Type I  pneumococci and were bled at frequent 
intervals to study the changes in plasma protein. By means of evaluation of results of blood 
cultures, the response to infection was classified as severe or mild. In a group of eight animals 
classified  as having mild bacteremia, all had pneumococci in the blood except one. The re- 
mainder had 4  to 100 colonies of pneumococci/mm,  a of blood. Four had a  bacteremia per- 
sisting for 48 hours while three had only one positive culture. Most of these animals developed 
a blood stream invasion 24 to 48 hours after intradermal injection of pneumococci. 
Sixteen rabbits were classified  as having severe pneumococcal infections. Eleven animals 
of this group died by the 5th day after onset of infection. Most of these animals became 
bacteremic 24 hours after injection of pneumococci and most of them had more than 1,000 
colonies/mm.a of blood. In the rabbits with severe infections, bacteremia persisted for 3 to 4 
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The mean values of the protein fractions found in the mild and in the severe 
infections are  shown in Tables II-VI and Figs.  3-6.  The alpha globulin rise 
in each group was not significantly different until the 4th day of disease. By 
the 5th and 6th days, however, a  significantly higher level was found in the 
group with severe bacteremla. A  similar relationship was seen for fibrinogen 
TABLE III 
The, Mean Values  of Fibrinogen,  Expressed  with the Standard  Error, Are Shown in Rabbits 
D  ~ected with Type I  Pneumococcus 
Severe bacteremia  Mild bacteremis  Treated with  Treated with  Treated with 
(untreated)  (untreated)  antiserum*  cortisone*  penicillin 
No. of animals..  8  16  8  12  5 
day 
Control 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
18 
2O 
24 
0.356  -g 0.0~ 
~.540 4- 0.03 
0.990 -4- O.O3 
1.180  -4- 0.04 
1.350  -4- 0.05 
1.270  -4- 0.05 
1.320  4- O.O6 
O. 880  -q-  O. 06 
0.690 -4- 0.06 
0.7OO -g 0.08 
0.5O4 -4- 0.07 
0.514 -g 0.07 
0.420  -4- 0.07 
~).382 4- 0.0,5 
~).628 -4- 0.05 
0.905  --b 0.05 
0.985  .4-  0.05 
1.085  4- 0.05 
1.058 .4- 0.06 
1.060 4- 0.06 
0.975  -4- 0.06 
0.813  -4- 0.05 
0.735  -4- 0.06 
0.680  -4- 0.08 
0.570  -4- 0.08 
0.525  4- 0.06 
0.394 -4- 0.07 
0.392  4-  0.06 
0.360  q-  0.05 
0.620  .-4- 0.05 
:1.043 q- 0.05 
1.160  -4- 0.05 
1.200  4- 0.05 
1.040 4- 0.06 
1.035  ±  0.06 
0.865  4- 0.06 
0.800 .4- 0.06 
0.680  ±  0.07 
0.613  -4- 0.08 
0.625  4-  0.06 
0.592  4-  0.06 
0.545  ±  0.07 
0.380  4-  0.01 
0.490  -I-  0.01 
D.810 4- 0.02 
1.000 ±  0.0~ 
1.450 -g 0.03 
1.500  -4- 0.04 
D.420 -4- 0.0( 
9.597  4- 0.0( 
D.725 4- 0.07 
D.940 -4- 0.0~ 
D.795 -4- 0.0~ 
O.717 -4- 0.O6 
0.555 -4- 0.O6 
0.517  q- 0.O6 
0.420 -4- 0.08 
0.399  -g 0.06 
S.D..  +0.130  +0.130  +0.160  -4-0.050  -gO. 140 
* All animals developed severe bacteremia during infection with Type I pneumococcus. 
concentration. On the 3rd day,  a  significantly higher level of fibrinogen was 
present  in  the  animals  with  severe  infection.  This  increase  remained  sig- 
nificantly greater during the 4th to 6th days. Thereafter, the alpha globulins 
and fibrinogen decreased, with both of these fractions showing a lagging decline 
in those animals with severe bacteremia. The albumin concentration showed 
a  sharp decrease in each group with a  maximal decrease found on the 6th day 
of infection. While the trend of albumin decrease was greater in those rabbits 
with severe infection, there was no significant difference between these animals 
and those with a  mild bacteremla. The beta-gamma level showed a  significant R. ]~. JACOX AND  A. FELDMAHN  641 
fall in the severely bacteremic  group. This fraction was depressed on the 2nd 
day and reached the lowest  concentration by the 4th  and 5th  days. Some 
decrease  in  this fraction was  observed  in rabbits with mild bacteremia but 
this was not noted until the 5th day of illness and the fraction was not as greatly 
reduced as  in  the  severely  bacteremic  group.  In both groups,  a  significant 
decrease of total protein concentration occurred by the 5th and 6th days. 
TABLE IV 
The Mean Values of Albumin, Expressed with Standard Error, Are Shown in Rabbits 
Infected with Type I Pneumococcus 
Severe bacteremia  Mild bacteremia  Treated with  Treated with  Treated with 
(untreated)  (untreated)  antiserum*  cortisone*  penicillin 
No. of 
animals.  8  16  8  12  5 
day 
Control 
i 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
18 
20 
24 
4.21  4-  0.14 
3.60  4-  0.14 
3.17  4-  0.14 
2.66  4-  0.17 
2.26  4-  0.21 
2.02  4-  0.20 
1.98  4-  0.23 
2.33  4-  0.21 
2.27  4-  0.23 
2.33  4-  0.25 
3.48  4-  0.25 
3.36  4-  0.28 
4-  0.25 
4.08  4-  0.16 
3.75  4-  0.17 
3.30  4-  0.16 
3.20  4-  0.16 
2.68  -4-  0.16 
2.63  4-  0.23 
2.45  4-  0.16 
2.58  q-  0.16 
2.70  4-  0.16 
2.64  4-  0.19 
2.65  4-  0.21 
3.13  4-  0.19 
2.89  4-  0.16 
3.11  -4- 0.21 
3.32  4-  0.23 
2.94  4-  0.19 
3.44  4-  0.21 
3.74  4-  0.16 
3.29  -t-  0.16 
2.98  -4- 0.16 
2.72  4-  0.16 
2.30  4-  0.16 
2.38  4-  0.17 
2.24  4-  0.17 
2.38  4-  0.19 
3.05  4-  0.19 
2.62  -4-  0.23 
2.85  4-  0.19 
3.13  4-  0.23 
3.21  -4-  0.19 
2.90  4-  0.19 
3.46  4-  0.19 
3.94  4-  0.19 
3.78  4-  0.19 
3.64  -4-  0.25 
3.48  4-  0.29 
3.26  4-  0.38 
3.47  4-  0.47 
u 
4.10  4-  0.19 
3.55  ±  0.19 
2.91  -4-  0.19 
2.97  4-  0.19 
2.96  4-  0.19 
3.20  4-  0.19 
2.80  4-  0.19 
3.22  4-  0.19 
3.37  4-  0.26 
3.70  4-  0.19 
3.22 
s.v...  -4-0.56  -t-0.47  +0.46  -4-0.66  +0.45 
* All animals developed severe bacteremia during infection with Type  pneumococcus. 
These data indicate that variations in the intensity of the infecting stimulus 
mused  quantitative  changes  in  the  component  plasma  protein  fractious 
studied. In order to further investigate this possibility,  the effect of adminis- 
tration of Type I pneumococcal antiserum was studied. 
Eight rabbits were inoculated with Type I  pneumococci intradermally. Aid developed a 
bactermia of greater than 1,000 colonies/mm,  s of blood by the end of 48 hours. On the 3rd 
day,  5  ml.  of Type  I  antlpneumococcal serum was administered intravenously into each 
animal. Examination of the data in Tables II-VI and Figs. 3-6 reveals that the mean values 642  PLASMA  PROTEIN  ALTERATIONS AND  TYPE  I  PNEUMOCOCCI 
of each protein fraction, prior to the administration of antiserum, followed the trend of protein 
change observed in the group of animals with severe bacteremia. By the 4th to 6th day, how- 
ever, a  significant difference in the alpha globulin and fibrinogen levels was found in the 
animals treated with antiserum as compared with the untreated severely bacteremic animals. 
The expected further rise of these fractions did not occur and the actual response was more 
like that found in those rabbits with a mild bacteremia. The beta-gamma fraction also showed 
less decrease in the treated animals than was observed in those with severe infection. 
TABLE V 
The Mean Values of the Beta-Gamma Fraction, Expressed ~itk the Standard Error, Are 
Shown in Rabbits Infected with Type I Pneumococcus 
No. of 
animals. 
da~ 
Control 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
18 
20 
24 
~.D.. 
Severe bacteremia 
(untreated) 
1.62  4-  0.11 
1.30  4-  0.12 
0.96  4-  0.12 
1.18  4-  0.14 
0.78  4-  0.16 
0.82  4-  0.16 
1.15  4-  0.20 
1.09  4-  0.20 
1.10  4-  O.23 
1.68  4-  0.20 
1.83  4-  0.20 
1.50  4-  0.20 
2.25  4-  0.23 
4-0.45 
Mild bacteremJa 
(untreated) 
16 
1.81  4-  0.12 
1.92  4-  0.13 
1.73  4-  0.12 
1.42  4-  0.12 
1.37  4-  0.12 
1.14  4-  0.17 
1.22  4-  0.12 
1.17  4-  0.12 
1.37  4-  0.12 
1.70  4-  0.14 
1.96  4-  0.15 
1.67  4-  0.14 
2.15  4-  0.17 
2.08  4-  0.15 
1.69  -4-  0.17 
2.44  4-  0.17 
4-0.34 
Treated with 
antiserum* 
1.66  4-  0.15 
1.61  4-  0.15 
1.04  4-  0.15 
0.96  4-  0.15 
1.18  4-  0.15 
1.07  4-  0.16 
1.17  4-  0.16 
1.22  -4- 0.18 
1.05  4-  0.18 
1.65  4-  0.23 
1.41  4-  0.18 
1.47  4-  0.23 
1.78  4-  0.18 
2.23  4-  0.18 
1.70  4-  0.18 
4-0.40 
Treated with 
cortisone* 
12 
1.55  -4- 0.14 
1.68  4-  0.14 
1.47  4-  0.20 
1.27  4-  0.15 
1.30  4-  0.29 
0.88  4-  0.35 
4-0.50 
Treated with 
penicillin 
1.42  4-  0.16 
1.78  4-  0.16 
1.84  4-  0.16 
1.46  4-  0.16 
1.68  4-  0.16 
1.44  4-  0.16 
1.74  4-  0.16 
1.57  4-  0.21 
1.37  4-  0.16 
,4-0.37 
* All animals developed severe bacteremia during infection with Type I  pneumococci. 
These  observations  indicate that  alteration of  the  infecting  stimulus by 
administration of antiserum caused a  change in the quantitative response of 
the component plasma proteins. 
One rabbit,  not included in the serum-treated group,  deserves a  separate 
discussion. 
This animal was infected with Type I  pneumococcl and given 5 ml. of antiserum on the 
3rd day of infection. It developed a persistent bactermia and died 14 days after the inocula- 
tion with Type I pneumococcus. Autopsy revealed an acute vegetative bacteriaJ endoearditis 
involving the mitral and aortic valves. R.  1L  JACOX  AND  A.  FELDMAtIN  643 
The protein changes observed are of particular interest and are shown in Fig. 7. It will be 
noted that hacteremia developed 15 hours after intradermal injection of Type I pneumococci. 
By the end of 24 hours, 1,000 colonies/ram.* of blood were present. By the end of 48 hours a 
reduction to 200 colonies developed spontaneously.  Prior to injection of antiserum on the 
3rd day, 500 colonies/ram: were present. A decrease to 25 colonies/ram,  s occurred 6 hours 
after therapy. A complete subsidence of the bacteremia never developed and by the 7th day 
the bacteremia had increased to 1,000 colonies/mm.a Blood cultures remained highly positive 
TABLE  VI 
The Mean Values of the Tolal Serum Protein Concentration, Expressed with Standard Error, 
Are Shown in Rabbits In "eeted with Type I  Pneumococcus 
Severe bacteremia  Mild  bacteremis  Treated with  Treated with  Treated with 
(untreated)  (untreated)  antiserum*  cortisone*  penicillin 
No.  of 
animals.  8  12  5 
day 
Control 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
18 
20 
24 
6.50 
6.25 
6.32 
6.17 
5.67 
5.90 
6.18 
5.40 
5.45 
5.64 
7.13 
6.30 
6.40  4-  0.15 
6.65  4-  0.15 
6.12  4-  0.15 
5.83  4-  0.15 
5.85  -4-  0.15 
5.65  4-  0.16 
5.62  4-  0.16 
5.,52 4- 0.18 
5.95  4-  0.18 
6.02  4-  0.22 
6.02  4-  0.18 
6.30  4-  0.22 
6.48  4-  0.25 
6.70  4-  0.19 
6.68  4-  0.18 
8  16 
4-  0.15  6.70  4-  0.16 
4-  0.15  7.05  4-  0.17 
4- 0.1,5  6.87 4- 0.16 
-4- 0.18  6.80 4- 0.16 
4- 0.20  6.32 4- 0.16 
4- 0.21  6.15 4- 0.22 
4- 0.27  5.90 4- 0.16 
--  5.97  4-  0.16 
4-  0.27  6.10  4-  0.16 
6.25  4-  0.18 
4-  0.30  6.28  4-  0.20 
4-  0.30  6.17  4-  0.22 
4-  0.27  6.35  4-  0.16 
-4-  0.30  6.80  -4-  0.22 
6.27  4-  0.22 
--  6.44  4-  0.17 
4-  0.27  6.84  4-  0.17 
4-0.45 
6.55  .4-  0.18 
6.52  4-  0.18 
6.88  4-  0.22 
6.95  4-  0.31 
7.13  -4-  0.36 
6.40  4-  0.45 
6.52  -4-  0.16 
7.28  4-  0.16 
6.73  4-  0.16 
6.31  4-  0.16 
6.26  4-  0.16 
6.23  -4-  0.16 
5.93  ±  0.16 
6.09  4-  0.16 
6.21  -b  0.16 
6.45 
;.v  .......  4-0.60  4-0.44  4-0.63  4-0.37 
* All animals developed severe bacteremia during infection'with Type I  pneumococcus. 
for Type I pneumococci until the animal died 1 week later. During the period of infection, the 
hematocrit value and weight showed a  progressive decrease. 
The  plasma  protein  data  revealed  the  expected increment in the alpha globulin and 
fibrinogen concentrations during the  1st week  of infection.  Concurrently, there was a  fall 
in the albumin and  the  beta-gamma concentrations. By  the 10th day, the fibrinogen and 
alpha globulin levels showed the usual decrease found in animals undergoing recovery. During 
the same period the uncorrected erythrocyte sedimentation rate showed a  rise and fall which 
correlated with the alpha globulin and  fibrinogen changes. The albumin concentration re- 
mafned at low levels while the beta-gamma fraction slowly returned to normal after the 6th 
day of disease. At the time of death, all the plasma fractions had returned to nearly normal 
concentrations except albumin. This fraction remained at a  low concentration. 644  PLASMA PROTEIN ALTERATIONS AND TYPE I PNEUMOCOCCI 
This animal's protein response was in most respects similar  to that of the 
other rabbits  who recovered after treatment with antiserum.  These observa- 
tions  suggest  that  the  stimulus  for alpha  globulin  and  fibrinogen  synthesis 
was  modified  during  the  developing  disease,  despite  the  presence  of  a  per- 
sistent, severe bacteremia. 
The  effect  of  changing  the  dermal  infection  caused  by pneumococci by 
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FxG. 4. The mean values of fibrinogen concentration are compared in Type I pneumococcus 
infections in the same manner as in experiments shown in Fig.  3.  Tabular data with  the 
standard errors are presented in Table III. 
introducing  another  external  influence  was  investigated  by  studying  the 
effect of the administration of penicillin. 
Five rabbits were inoculated with Type  I  pneumococci and 24 hours later were given 
75,000 units of procaine penicillin intramuscularly each day for 3  days.  Four of these five 
animals had a mild hacteremia before therapy was started. 
The plasma protein response is shown in Figs. 2-6 and Tables III-VI. It will be observed 
that a  striking alteration of the response of each fraction was encountered. The rise of the 
alpha globulins and fibrinogen was considerably lessened and the return to control levels 646  PLASMA  PROTEIN ALTERATIONS AND TYPE I  PNEUMOCOCCI 
occurred more rapidly, A significantly lessened effect on albumin  was also apparent. The beta- 
gamma fraction showed little change from the control value. 
Thus  the rapid attenuation of an  established pneumococcal infection by 
means of penicillin was shown to partially abolish  the stimulus for alteration 
ofithe plasma protein pattern. 
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The effect of cortisone administration was investigated to determine whether 
the  modification  of  the  stress  of  infection by  steroids  would  produce  any 
change in plasma protein synthesis. R.  F.  ~'ACOX AND  A.  F~.LDMAHN  647 
Twelve rabbits were given cortisone subcutaneously in daily amounts o[ 3 mg./kg, body 
weight for 3 days prior to infection with Type I pneumococci. A significantly different clinical 
response was found in this group. None of these animals developed erythema or edema at the 
site of inoculation. Within 24 hours of infection, blood cultures showed many colonies and in 
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Fzo. 6.  The mean values of the beta-gamma fraction are compared in Type I  pneumo- 
coccus infections. Data are plotted in the same manner as in Fig. 3. Tabular data with the 
standard errors are presented in Table V. 
several animals the hematocrit tubes showed as much as a  2 per cent layer of packed pneu- 
mococci overlaying the erythrocytes  and leucocytes. Thus, despite the absence of any local 
evidence of dermal infection, an overwhelming bactermia developed. Six animals succumbed 
on the 2nd day, two on the 3rd day, one on the 4th day, and one on the Sth day. Two animals 
survived. 648  PLASMA PROTEIN ALTERATIONS AND  TYPE I PNEUMOCOCCI 
The mean values of the component plasma proteins are shown in Tables II-VI and Figs. 
3-5. If one compares this group with the severely bacteremic, untreated group it will be noted 
that some initial inhibition of fibrinogen synthesis occurred in the cortisone-treated animals. 
Fibrinogen levels at 24 and 48 hours after injection of pneumococci were significantly lower 
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FIG. 7. The pattern of plasma protein alteration and the pattern of changes in the weight 
and hematocrit value are shown in a  rabbit which developed an acute  aortic  and  mitral 
valve endocarditis due to a  Type I  pneumococcus infection. The degree of the blood stream 
infection is shown in the stHpled block graph. Compare these changes with the Type I  pneu- 
mococcus infection shown in Fig. 2 where the rabbit made a spontaneous recovery. 
than those found in animals with untreated severe bacteremia. By the 4th day, however, the 
mean value of fibrinogen was higher in the animals treated with cortisone than in the animals 
with severe bacteremia. The alpha globulin response was similar in the two groups. The beta- 
gamma levels of the cortisone-treated animals showed no significant decrease until the 5th day, R.  F. JACOX AND  A.  FELDMAHN  649 
in contrast to the early decrease observed in the untreated, severely bacteremic group. The 
concentration of albumin showed a  less rapid decline in the cortisone-treated serids. By the 
6th day a level of 3.47  :t: 0.47 was found, as compared to a level of 1.98 -4- 0.23  in the un- 
treated rabbits with severe infection. The total protein concentration of serum showed no 
significant  change. 
Thus, administration of cortisone  not only inhibited the cellular  response 
to Type I  pneumococcus infections but also had some effect on plasma pro- 
reins during the onset of infection. When the cortisone-treated group is com- 
pared to the untreated group with severe bacteremia,  it is seen that the initial 
rise of fibrinogen in the cortisone-treated animals was not as great; there was 
a  less rapid decrease  of the beta-gamma fraction and a  delay in the fall of 
albumin. Later in the infection no significant  differences in concentration of 
plasma proteins were  observed  in  the  surviving  rabbits  treated with corti- 
sone and in those with untreated severe infection. 
DISCUSSION 
These  studies  of  pneumococcal  dermal  infections  in  rabbits  reveal  that 
significant  alterations of the plasma protein concentrations appear within a 
few days after intmcutaneous introduction of a Type I pneumococcus. There 
was a rapid fall of albumin concentration and a rise of the alpha globulin and 
fibrinogen fractions.  The beta-gamma fraction showed a  decrease during the 
initial  period  of  bacteremia.  The  low  albumin-high  alpha  globulin-high 
fibrinogen  relationship  showed  maximum abnormality by the 4th  day and 
then remained fairly constant for another 6 to 7 days. Thereafter, the alpha 
globulins  and  fibrinogen  slowly  decreased  and  the  albumin  concentration 
slowly  increased  until  nearly  normal  relationships  were  reestablished  24 
days after introduction of the infection.  The total protein concentration of 
serum significantly decreased by the 5th to the 6th day in all rabbits except 
those treated with cortisone. 
The degree of alteration of these plasma components appeared to be related 
to the severity of infection and degree of host response. Thus, administration 
of penicillin  to rabbits with an established  bacteremia caused a  significantly 
lessened deviation of the component plasma proteins as well as a more rapid 
return of the pattern to the preinfection  composition.  Similarly, administra- 
tion  of  homologous  antiserum prevented  a  corresponding  deviation  of  the 
plasma components, when the treated animals were compared to a comparable, 
untreated group.  In  one  rabbit  which  developed  an  acute  bacterial  endo- 
carditis,  the stimulus for alpha globulin  and fibrinogen  synthesis was either 
removed or the target organ for synthesis was  exhausted,  so  that a  fall of 
these fractions occurred  despite  a persistent,  severe bacteremia. 
Administration of cortisone was found to lower the resistance  of rabbits to 
Type I  pneumococcus. This has been reported by other investigators  (7,  8). 
Significant  alterations  of  the  plasma  protein  responses  were  observed,  es- 650  PLASMA PROTEIN ALTERATIONS  AND TYPE I PNEUMOCOCCl 
pecially  when  the  cortisone-treated  rabbits  were  compared  with  untreated 
rabbits with severe bacteremia. Initially there was a lag in fibrmogen synthesis 
and a delay in the fall of the albumin concentration. The beta-gamma fraction 
decreased less rapidly and reached its lowest concentration later than in the 
untreated group of rabbits. Despite this temporary delay in shift of the plasma 
protein pattern,  the changes in  the surviving,  cortisone-treated animals ulti- 
mately  reached  the  same  magnitude  as  those  observed  in  the  untreated, 
severely bacteremic group. Thus, one can state that while some early inhibi- 
tion  of  expected  changes  of  plasma  protein  synthesis  occurred,  cortisone 
did not cause any ultimate,  quantitative difference in the plasma response. 
The interpretation  of these observations must take into consideration  the 
.method  of protein  fractionation  employed. In  a  previous investigation,  the 
analysis of human plasma protein fractions with electrophoretic and cationic 
detergent methods showed that  a  good correlation  existed between the two 
methods, even when abnormal plasmas were studied  (2).  Such a  correlation 
may not exist for the proteins of rabbit plasma when these fractions are altered 
by pathologic processes. 
We have not found any report which deals with the plasma protein altera- 
tions  of  rabbits  infected with  pneumococci.  A  recent  study of the  electro- 
phoretic  changes  in  rabbit  plasma  after production  of a  turpentine  abscess 
may,  however,  have  some bearing  on  this  problem  (9).  After  injection  of 
turpentine,  a  decrease in albumin resulted without an initial increase  in  the 
alpha globulins.  The early alterations  in the globulin  fraction consisted of a 
rise in the beta-1 and beta-2 components. These findings are at variance with 
those  described  in  this  report.  They  also  differ  from  changes  observed in 
human  beings  with  suppurating  or  infectious  diseases  when  a  decrease  in 
albumin and a rise in the alpha globulins and fibrinogen are found (13). 
One of the difficulties  encountered in any method of protein fractionation 
of abnormal plasmas is that of a quantitative separation of the alpha globulin 
fraction from albumin. This is true in electrophoretic studies of rabbit plasma 
(10-12), in  the  Cohn  method  of  protein  fractionation  (13),  and  in  other 
methods (13). The cationic detergent method of fractionation of serum seems 
to  overcome this  particular  problem.  Since  the  alpha  globulins  react  with 
detergent  at a  considerably lower pH than  albumin,  a  sharp  differentiation 
of the two components can be made (2). 
The question of the relationship between alpha globulins  and beta globulin 
in the detergent reaction is not as well defined.  This is particularly evident 
when one is dealing  with the abnormal sera encountered in severely infected 
rabbits. One cannot exclude the possibility that some of the increment of the 
alpha  globulin  fraction  found by cationic  detergent  analysis may consist of 
components of the beta globulin fraction  which have undergone  qualitative 
change. There is indirect evidence which lends support to this concept. Certain R.  F.  JACOX  AND  A.  ~'ELDMAHN  651 
abnormal beta globulins have been studied in patients with multiple myeloma 
(14).  These globulins  are found to react in the cationic detergent system in 
a manner similar  to the alpha globulin fraction. In such instances,  a markedly 
elevated "alpha"  globulin  concentration  is found by detergent  analysis but 
not by electrophoresis. 
Another  factor  which  may  account  for  the  low  beta-gamma  level  may 
be related to changes in lipide metabolism. Lipemia was frequently observed 
in  rabbits  which  developed  a  severe  infection  and  bacteremia.  While  the 
cause of this lipemla is unknown, it may represent some chemical  or physical 
alteration  in  the lipoproteins of the plasma.  Thus,  the observed decrease of 
the beta-gamma fraction may be related to an altered reactivity of lipopro- 
teins with the cationic detergent. 
Regardless of whether one can confidently compare the data obtained by 
cationic  detergent  fractionation  with  those obtained by electrophoresis,  the 
data obtained by the former method show a pattern of change which follows 
consistent trends.  These data also reveal the dynamic effects on plasma pro- 
tein synthesis that result from the stress of acute inflammation. 
SU~KM~R¥ 
An investigation  of the plasma  protein  changes  in rabbits  infected intra- 
dermally with Type I  pneumococci has been carried out, utilizing  a  cationic 
detergent method of protein fracfionation. A consistent pattern of change was 
observed. There  was an increase in  the alpha  globulins and fibrinogen  con- 
centration  which reached maximal  levels at  the height  of the infection.  Al- 
bumin fell to a minimal concentration when the increment of alpha globulins 
and  fibrinogen  was greatest.  The  beta-gamma  concentration  showed a  sig- 
nificant decrease during  the most severe phase of the infection but returned 
to normal several days after spontaneous subsidence of bacteremia. 
The magnitude of these plasma protein alterations depended on the severity 
of  the infection and  the  response  of the host.  Significantly  greater  changes 
were observed in  rabbits  severely bacteremic  than  in  those with  mild  bac- 
teremia.  Administration  of penicillin  suppressed the infection and  decreased 
the usual plasma protein alterations.  Injection of cortisone prior to the onset 
of the Type I  pneumococcus infection  caused an early inhibition  of the ex- 
pected plasma  protein  changes,  but  later  the  protein  pattern  developed in 
the same manner as it did in the severely infected animals. 
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